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Abstract. A permanent Global  Positioning Syskm  rc.ccivc.r
at Casa IIiablo  IIot Springs, I.cmg Valley C.alcic.ra, California
was ins[allcd  in January, 1993, and has opcra(c.d almost
c.ontinoous]y since then. I’lIc data have. been transmitkd  daily
10 tbc. JCL I’rrspulsion I.aboratory  for routine analysis wi(h data
from the ];iducial  l,aboratorics for an international Natural
scimccs  Nc[work (J I,INN) by the, JP1, FI,JNN analysis c.cn[cr.
Rc.suits fron~ these analyses have been usc.d to interpret the on
p,oing deformation at long Valley, with da{a cxcludcd  from
pc.riods when the antenna was covcrcd undc.r 2,5 mckrs  of snow
and from some periods when Anti Spoofing was c.nforccd OJI tbc
G1’S  signal. ‘1’hc.  remaining time sc.rics suggests that uplift of
Ibc rcsorgcnl  dome of I.on.g Valley (aldcra during 1993 has
been 2.S ~ 1.J rm/yr  and horizontal motion has been 3.05
0.7 cIn/yr at S53W in rI no-net-rotaticrn global rcfrmncc  fr.amc,
or 1.5 i 0.7 cml/yr al SJ4W relative to the Sierra Nevada block.
I“hcsc rates are consistent with uplift prcdictcd  from frcc]ucnt
hori~onta]  strain mcasurcmcnts. Spectral analysis of lhc
obscrvatirms suggests (hat ticial forcing of the magma chamber
is not a sourc.c of tbc variability in the 3 dimensional station
location. ‘1’hcsc rcsu]ls  suggest that remote.]y oJ~cratcd,
continuously recording GPS rcccivcrs  could prove. to bc a
reliable tool for volcano monitoring throughout the. world.

IMrcrduction

III Janua]-y, 1993,  a GPS rc.ccivcr was permanently s[rriiotml
atop Ihc rcsurgcnl  dome in l<ong Valley Caldcra,  California
(1’igurc 1), os par{ of a projcc[ to dcvc]op GJ’S as a tool f o r
measuring clcfomation  in volcanic areas by deploying GI’S
rcccivcrs for  cont inuous ,  sct~~i-col~til]l]o~]s,  ancl e p o c h a l
obscr!,ations,  1,ong Valley Caldc.ra was chosen bccausc of its
combination of scientific intcrcs!,  high activity, and prc-
cxistin~ monitoring, programs against which our rcsu][s could
be. compared.

U n r e s t  al long V a l l e y Caldcra  has continued since
carlhquakrs  in 1978 hcralclcd a lin)c c)f episodic scis]llic and
dcformational  activity  [h i //  r /  (//,, 1985], IIvclinp Suri’cys  i n



the c.arly [o mid- 1980s  rc.ve.alcd tha[ the murgcnt dornc in I}K
central par( of the c.alcicra was uplifting at rates up [c) 20 cn]/yr.
More rcc.cntly, static  GPS surveys  f rom 1988 10 1992  a re
consiste.rlt with an average uplift rate of 2.5 cn@ [Iji.ron c/
al,,  1993], while two-color laser gcoctimclcr n)c.asurerncnts
indica(c  tha[ the dcforrna[iorr ralc’ is in fact high]y v a r i a b l e
[1.arlgbcin,  1989]. Episodes of high strain rate and seismic
energy  rclr.asc have omrrrcd in 1980, 1983, and 1 9 8 9 - 9 0 .
Gcodirnclcr  r~]c.asllrc.r~~c]~ts  sugpcsI that the most rcm.nt episode
of deformation which began in 1989 ccrntinuc.s to the prc.scnl at
son]cwbat rcduccci ralcs from the 1 989-} 990 lcvc]s [//i/l c1 nl.,
1990; l.mrgbcin  er 01., 1993].

I’hc prcscn[ ccmtribution reports cm the rcsulis  from the
c o n t i n u o u s l y  o p e r a t i n g  G1’S rc.ccivcr a! Casa Diablo  lltrt
spri I)F,S  near the. southern boundary of the resurgent clomc.
(CASA irt Figwrc  1), To dale, more than 300 days of conlir]uous
obsc.rvations from CASA  have. bc.cn made.
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GI’S Analysis

A  d[]al frc.cprcncy,  l ’ -codc ‘J’urhoRoguc GI’S rcccivcr  ancl
antenna were. installcct cm January 1 S, 1993, at CASA, wbcrc
the USGS operate.s a two-color gcodimctcl  for mc.asurin~
horimntal strain to reflectors stationed around the caldrm.
Ckodirnctcr  mcasurcmcnts  arc made several tinm a wcc.k, year
round. The H’S  rccc.ivcr at CASA  is housed in the gcoclin~ctcr
building, which pmvidcs  shcl(cr,  power, and communications.
A choke ring antenna is rnountcd on a newly constructed
monument about 80 cm above the ground surface anti cnclmcd
in a small ray dome for prokction.

l’lrc. rcccivcr  is remotely controlled via tc.]cphonc. and is
acccsmi on a daily basis from JPI.. Ilach day the. rcccivcr  is
autonlaticaliy  phonccl  and the GI’S  data clownloadcd  via hi~ll
speed modcm  The data arc then routinely proccsscd for station
coordinates as part of a global network solution. More than 40
globally ciistribulcd stations arc proccssc.d at .111. as part of tbc.
1?1 .INN GI’S Nc(work using the GPS lnfermd Positioning Systcm
(GII>SY)  s o f t w a r e  dcwlopcd  at JJ’1, [Zwberge, et al., 1994].
‘1’hc lag tirnc bctwccn data collection and the determination of
solutions is abou! two weeks duc mostly to cklays in obtainirlp,
data fi om some of the global network sile.s.

lrl the daily J’1.lNN analyses, the data arc. first proccsscd
using the ‘f ’urboIldil algorithm [B/twirl, 1990] to a) repair
IOSSCS  of lock, b) rcmc)vc points flag~cci as ba(i by [hc rcccivw,
c) form (}K ionosphere free ciata type, an(i d) rcclucc li]c (iata
volume 10 1 O-minute poinls. Iiach 1 O-minulc point is a
smrmthcct, ionosphere free pscudrrrangc  mcasurcrncnt  an(i a
ciccimatcd ionospbcrc  free carlic.r phase obsc.rvaiion for every
satellite.-staticrn pair observed,

‘1’hc CiJ’S observations arc filtered using a Square J<oo(
information J~il{cr [I,ichicn, 1990]. Satelii(c  epoch s(atcs and
prounrt station coorciinatcs arc cstimatcci as constants. Satellite
an(i slation  ciocks,  ?c.nith tloposphcrc  delays ,  ear l ier  i~hasc.
biases, ancl solar raciiation pressure arc cs{imatcd as stochastic
i)roccsscs.  ‘1’hc clocks and earl-icr phase biases arc trc.atc(i rrs
white nrrisc proccsscs. Iixccpl for onc ciock that is uwd as a
rrfcrcncc,  tiw clocks arc rcsc[ at every cimcii, an(i tile sa[cilitc-
station earl icr phase biriscs arc reset v,’bcncvc.r  an unrci)aircci
loss of lock was dc~cctcci in tiw preprocessing.
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‘J’he ciata from CASA arc proc.csscd together \vith ti)c globai

nctwrk ciata using a frduciai free strategy. in [his stratepy,
imsc, 1 km, constraints arc appiicct to tiw a ~Jriori station
kscaticrns every day, aliol!’inp the rcfcrcncc  frame for resulting
station coorctinatc estimates ancl their covarianccs  to be ctcflncd
by IItc GPS data. Such srriulirms have bcc.n shrrum to ciefrnc a
stable globai nc.twmk pcliybe.drcm of stations that has wcli -
dcfirmi  in!cr station lengths, but lacks a ncturcrrk oricn(aticrrl
lba[ is consistent from clay [o day [}lcflin, ef al.,  1992]. ‘1’hc
oricnlalirm is acquired by applying! fiducial constraints af(cr [hc
Cii’S anaiyscs. ‘] ’hUS, any set of fiduciai slalions tilal is a subset
of [hc stations in ccmnmn among aii of the days imccssrxi  can
bc cimscn without rcpmccssing  aii of the G1’S data.

I~crr lhcsc analyses, a globaliy distributed fiducial nc.twork
was chosen (1’able. 1), with coordinates in the lntcrna(ionai
Tcmcstrial  J<cfc.rcncc I;rarnc ’91 (1”1’KI;91).  1’1’RI’91  is  a  space
gc.crcictic sysktn  thal contains results from 2(I years of VI ,111 and
S1,R obscrvaticms  and 2 years of Ci}’S obscrva(ions,  and is
accurate at [he icvci of 1 part in 108 [Blrwit(, ef al.,  1992]. II
is defined at epoch  1992.5 and contains both station
c.cmrciina[cs and vciocitic.s, which were. used to map tile fr(iucial
cocsrdinalcs 10 tbcir values cm each day proccssc(i.

Wbi]c th is  s t ra tegy appiics f i d u c i a l  c o n s t r a i n t s
ccmsistcntiy  for ali days using a highly prccisc  rcfcrcncc.
system, there remains scrmc variability in Ihc. cluality of (}IC
solu[ions cm ‘particular ciays. Sornc of these effects cicgr a(ic (1]c
soiution for Ihc entire network and otilcrs arc local to particular
slations. At CASA tbcsc  problems arc primarily due 10
systematic mis-n~odcling of the G1’S signal an{i (he results from
ti)c.sc days  have  been  excluded f rom the .  gcop}~ysical
inlcrprc.talion as cxplainccl bclcw.

‘f’hc. most significant nctwmk  cffc.cl is from data collccle.ci
under Anti-Spoofing (AS). AS is the tcchniquc  used by the.
Ikparlrncnt  of IIcfcnsc,  which operates CiI’S, to encrypt ti)c P-
crsclc transmitted by the. satellites. ‘l’his signai is usc{i by tbc
rcc.civcrs 10 calculate tile precise pscuclorangc nlcasurcrnc.nls.
llndcr  AS, only autborizcd  users can rccc.ivc. tk }’-codc. II) Iim
globai network, inc.iuciing CASA, no I’-codc data arc coiicckxi
by the receivers, ]nstcad,  tbc rcce.ivcrs form a combination of
IC.SS  prcc.isc CYA code and cross corrclak.d  P-c.oclc observations
to fern] ]’-codc. like. data lypc.s. ]nitially,  these. ciata type.s wc.rc
c(iitcd asl’-c.odcciata,  Dccausc thcautornati cdatacciitin  groutinc
bad not bcc.n (uned for AS data, this causcci some analysis
probicrns wbcn AS was in effect. “1’hc strakgy  rcsrrlk.d in n~is-
mode.ling of tbc Ci}’S  observations as indicated by the. relatively
poor c.stimatc.s  of station coorciinatrx and the relative.iy larg,c
i~ost-fi[ residuals between [he CiPS observations and tbc model
obscrvalirms,  Ilccausc  of ti~is, rcsuils  from 40 clays wbcn AS
ciata wc.rc improperly eciitcd bavc bc.c.n e.xciu(icci  from the tirnc
series  of station coordina!cs,

‘1’bc o{i~cr significant unmodcicd  rmisc source. is local to
CASA. SncIw  dc.pth in [hc area during tbc wiotcr of 1992-3
cxcccdcd  3 mc[c.rs,  with an accumulation of as much as 2.,5
rwtcrs on lop of Ihc ray ciornc prolccting  the antenna . M’}lilc
{i)c rcccivcr  continucxi to track through (be snow, Ibc cffc.c[ of
(he snow) on lhr? signai was no! modeled. ‘J’hc rcsuils show ltirgc
hori?on(ai  aiKI vcr[icai  biases during tbc months when the
anrcr]na wm buried. wirh the biases inc]casing  with snow
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rtcp(h, I;i.pure 2 shouts the vcr~ical componcn( of the station
coor[iinatc.s for CASA.  l~ata for all days except those when AS
was on arc shown. ‘1’hc  RM S pcrstfi[  car[ ic.r phase residuals flcm~
the GI’S  analyses ami the equivalent watm cor)tcnl for the
closm snow course al Rock Clc.ck (I:igurc 1 ) ale also plotted.
‘1’hc postflt residuals corrc.late WCI1 with the lalgcst  dcviatiolm
f[m the mean vc.rlical posilions and with the pc.riod of largest
snow accunmla[irm,

“1’hc first day (Ilay  16) is the day the an[cnna and rcccivcr
wc.rc installed. ‘I’he nmrumcnt  had to be dug from undc.r 1 m of
fmh snow. [k mc(cr of wind-blow snrm’ ~lras again rcnmvc.cl
on I )ay 44, ‘tJhc an[cnna rcmainccl oncwvc.re.d  for sevc.ral clays
until the ncxl sncm’fall,  11 rc.rnaincd  buric.d uncicr as much as 2.5
m of snow un[il day -1 O(I whc.n the snow had mcl(cd bclcnv (he
~asc of the antenna, (’I’hc cxac.t day when [hc snow melted
hclmv the anlcnna is onccriain.  hul has bc.c.n inferred from a
combination of snow pack records and visual rc.ports.  ) Ilc.cause
the effc.cls of snow arc not modeled, the CiPS rcsol[s from tbc
days when the antenna was snmv-covcrcd  have been CXCIOCIC.CI
from the intcrprclaticms,  inc]oding days 16-41 and 48-100.

J?igurc. 3 shows (hat tbc velocity of CASA mows at a
significant rate with rcspcc~ to the. global rcfc.rcmc  fran~c.
(I,atitudc  and lrmgitodc contain contributions from unmodclcd
plate. motions and intraplatc  motions, and arc of sccomtary
inlcrcst  in Ibc. present study. ) Assuming that the c.crntribu~ions
to the vertical cknponcmt  by plate  motions arc negligible,
lhc.n the uplift rate at CASA  is 2.5 i 1.1 cm/yr. This rale is
consistcn(  with tbc. continuation of vc.r(ical dcformaticm at a
ralc similar to those infcrrccl or masurccl  in ltlc. ilnmcdiatc past.
1 xwc.ling surveys at .I,ong Valley [Yamshi/a e~ al., 1992]
suggcsl  8-11 cm of uplift of the rc.surgcmt  clornc rclalivc  to
points ou[sidc the caldcra bctwccn Novc.mbcr, 19S8 and August,
1992, at an avc.rage ra(c of --3 cn]/yr. II is cxpcctcd thal Ihc rate.
after  late.-l989, when horizontal  strain rates accclcratcd,  is
higher than that for the pl-c.e.c.ding  period. llplif(  rate.s infc.rrcd
f r o m  gc.oclimclcr mcasurcmcnts  [Lorlgbcitt  ef fI/., 14’93(/]
sogg,cst an uplift of 11 cm fron~ n]id-1989 to late-l 991 f]oni
dcfcsrmation within the gcodimctcr  network, strF,gcsting a rate
of  -5  cn]/yr. Rcfincmcnl  o f  t h i s  m o d e l  [f.ar~gbci)t C[ al.,
]99.?/j] using leveling data flom late 1988 and n~icl-1992 show’s
8 cm of uplif( of (I1c resurgent dome durin~ that period (- 4
cn~/yr),  ‘1’hc cffc.c[s on the uplif( rate of fluici withdrawal by the
gcothcrma]  project at Casa JJiablo }Iot Sprirlgs, if any, canno[
bc. mcasurccl with the sin.gk (31’S rwcive.r at CASA. 1 lowcvcr,
leveling [lx~n~bcir~ cr rr/., J993b] indicates that the cffc.cts of
the withdrawal arc. ncgligib]c  at CASA, bccausc. Ihc cone of
subsidence is confined within 1.5 km of the c.xtrac(ion well,
wbilc C’ASA is over 7 km from the WCII.

Both pc.riodic c.omponc.nts, generally resulting from tidal
forcing, [l~zflti.rill, 1980], anti chaotic Cotnponc.nts  [Corlirli cl
0/., 1991, 1993] of activity including dcforn)ation  have been
noted at rcsllcss  volcanoes, including silicic  tuff ca]ctcl-as
similar to 1 ,OIIF,  Valley, Bccausc of the good tcnlpolal covcmgc
providd try [}ICSC  contittuous  n}casurcmcnts,  I}JC spc.ctra fo]
each of Ihc sp:i[ial componcn[s  can be used [o ICSI  for the
I)ICSCIICC  of sue]) n]otic,]~s al I,o]lg \rallcy.  11) t h e  g,lobal GI’S

\
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a n a l y s e s ,  solid carlh  ticlcs arc rcmrsvccl  from the, s t a t i o n
coordinate. cstinlalcs.  ‘1’hc spectra vwrc formed on (1w rc.sidoal
vcrlical,  latitudinal anti longitudinal  colnponcnts  by first
removing the mean value ancl the linear trcnci fl-om the time
series shown in l;igore 3. 1’0 account for the unevenly samp]cd
series, these spectra wet-c calculatcci using the 1 xsmb Method
dcscribc.(i in l’ms C( al. [1992]. I;igore 4 shows that Iimc alc
no cmcla[cd peaks in power bctwccn the tium  tinm series, an(i
ccrtai]liy none at multiples of tim 14.7 ciay peak in tidai power
[l~zuri.rif~, 1980].  ‘lShc power spcctrai  density of ti~c VCI [ic.al
colni~oocnt  is parlicolarly  fiat, suggesting tilat the frcqucmcy
signal consists of uocorrclated  ooisc. ‘l’his behavior is
cotlsistc.nt wilil spectral anal yse.s from simiiar  ti m series for
s(atioos  in tbc global 11’I,INN GI’S ne twork  [M.  B. }Icflin,
pcr.wmal  cot}lJJlffllica/io/1]. ‘J’bus, witi~in ti]e lin~ilations of tim
(ia(a (ilat wc have, gatbcrcct, forcing of the cicfol mationai signai
i>y tides or otimr simiiar  periodic forces is yet discemihlc.

Collclllsions

Results of IIIC continuous CiPS survey at CASA  su.ggcs( lilat
ti)roogh Scptcmbcx,  1993, tim resorgc.nt ciomc of 1.ong Vaiicy
cai(icra has continuc(i to uplif[ at a ralc cmnpat-able (o rate.s timt
have been mcasurc(i  or inferred over ti~c past five years.
Vcrlicai  cicformation associated witil magmalic  proccssm  can
yici(i some of the most uscfol data for uncicrstanding tim natorc
of  magmatic  ac t iv i ty  [Corliui cl r7/., 1991 ,  199.3]. ‘1’he GI’S
da{a at 1.ong Vailcy  provicic an important addition (o other
monitoring information, particularly in light of the paucily of
vc.rtical deformation data over the past five years at ti~is msticss
volcano. Remote.ly opcratccl, continuously rccorxiing CiI’S
rc.mivcrs  of fc.r a vaiuablc  tool for volcatio  m o n i t o r i n g ,
particularly when unrcsl prcclucics opcrato]s  from working on
(im volcanic cdificc.
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}~i~ure 1. Map of Im)p  \~allcy Calctcra s h o w i n g  Ihc ca]cicra
boundary, rcsurgcn( Ciollic, the Rock Clcck wc.aihcr  slalicm, and
(1IC loca~ion of t h e  lnyo  Clatcrs a n d  hflanlnmh  hflountain.
Roads  arc S}mu)n as clashcci-ctoltccl line. I“hc vcc[or (1.5 ~ 0.7
cm/yr at S 14W) is the horizontal  motion of (.ASA with respect
10 (lie sicma  h’cvacla using the mode.1 of Argus and Gorcicm
[ 1991] for Sims Nc.vacia-North America rc.lativc. motion. “l’he
crlor  ellipse is the 95Yc confidcmce region scaled by X2 divide.d
by Ihc number of cic.grc.cs  of frc.c.clcm, ~2\).

Figurx’ 2 . ‘1’hc lop figure  s h o w s  (hc vcrlical  s t a t i o n
coordinate for all days analym.d c.xc.cpt for clays when AS data
were impropc.lly c.ditcd. (AS has be.e.n turned on conlinuous]y
since Jan. 31, 1994, ) J’criods whc.n the antenna was imric.d ill
snow arc incticale.cl by the arfmvs at lhc lop of (1K3 plot. I’hc
micldlc plot shows the Rh4S carrier phase postfit residual for
CASA for the same time pc.riocl. Postfi[  residuals are the.
diffcrcncc  bclwc.cn the. observe.d car!-ic.r phase ancl (Im n~ocic.lc.d
valoc aftc.1- all of the parameters have bcc.n c.stimatcd. I’hc
bot(om plot shows the snow pack at Rock CYeek from the
California Ilcpaltmcnt of Wale.r Rcsourccs. Snow pack
re.prcscn[s the c.cplivalcnl amount of water in a column of snow.
l’criods of snow accumulation and ablation arc indicated. ‘1’hc
large pos[fil residuals when the antenna was tmricd ondcr snow
indicate that results from this pc.riod wcm n~is.n~odctc.d and arc
not rcprcscmtative of the true. station he.igbt.

F i g u r e  3. Shown arc .  the  time series  of slation  hc.igbt,
latitude, and ]ongitudc  plotted as diffe.rcnccs from (1)c mean
valocs after days of improperly cciitcd AS data and snow cc)ver
have been removed. ‘1’hc 10 formal crtors  arc. plottcci  for each
point, cxccpt those with formai mors > 5 cm, which arc not
si]own for clarity. Solid straight lines arc linear fits to the
station coordinates. Ratcj arc. shown wi th  the i r  95%
c.onfi(ic.ncc limits scaled by x ‘1, to account for mis-fit be.twccn
thccstima[e.d  trend ancithcd ala.

11’igurc 4. ‘1’hc power spectra for the thrc.c G1’S conlponcnts
si)ow no distinct powc.r  maxima. ‘f’he. arrow is at a pc.riod of
14.7 ciays, corrc.spending to what should be a peak if magn)atic
ac[ivi[y a! long Valley were phase.-lockcci with tile solid-car(l)
ti(ics, I’hc tyi)ical solid-c.arth t ide  s ignal  i s  rc.]))oi’ccld~lril)g
normal GI’S processing.

‘J’ahlcl, l’iciucial  sta(ions u s e d  andthe.irl’J’Rli91
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8
]jigurc  1. Map of l,cmg Valley Caldcra shotf,ing the ca}dcra boundary, resurgent dome, the. Rock Crc.c.k we.a[hcr
station, and IIIC location of the ]nyo Cra[crs and hlan)nl~t}~ Mountain. Roads are shown as dashed-dol(e.cl line.. CASA
is loca(c.d al the dot at the tail of vcclcsr. ?’he vcclor is the hori?,o!ltril  motion of CASA  with rc.spccl to the SicrIa
Nevada using lhc model of Argus and (iordon  1991] for Sie~la Nevada-Nor[h Amc.rica  re.lati~f  motion, ‘1’hc  error

4ellipse is Ihc 95% confidence. region scalcci by ~- ciividcd by the number of dcgre.cs of fmcdorn,  % ,,.

l’i~uro  2, Shown in top flgurc,  is the vertical sta[ion C.oorciinate will] the mean vaiuc rcnmvcxi  for ali days analymci
cxccpt for days when AS da~ri were improperly edited. (AS has bccrl turned on CO1l[illUOLIS]y since Jan. 31, 1994. )
J’criods wl]c.n the antenna was tmlicd in sno~r are indicated by the arlows al the top of the plot. ‘f’hc middle plot shows
the. Rtvf S earlier  phase postfr( rcsiduai for CASA for the sarm  tirnc pcrimi, l’ostfit rcsicluais are the diffcrcncc  bc.(vmcn
lhc otmrvccl  c.arricr phase and the rnodcled vaiuc aftc.r all of the. pararnctcrs  have bcc.n estimated, ‘1’hc bottom plot
shov.,s  the sr]ov,,  pack at Rock ~.reck from the (:aliforr~ia IJc.partnlc.n[ of Water Rc.soulccs Ilala  Ilxchangc  Center, Snow
pack rcprc.scnts the cc]uivalcml amoun( of water in a column of snow, Periods of snow accumulation and ablation arc
indicated. ‘I$hc  larg,c postfit residuals where the antenna was buried urldcr snow lbal was equivalent to about 0.5 meter
of water indica[c ti~at results from this period vmc  mis-mociclcd and alc not re.prcscntativc of the true station height.

Figure 3. Shown arc the tirm sc.rics of station hc.igh(, latitude, ancl longitude plot(cd as diffcrmccs  from lhc mean
values aftc.r clays of improperly cdite.d AS data and snow cover have. hccn rc.moved. “1’hc 1 cr formal errors arc plot[cd for
c.ach point, CXCCpt those with formal errors > 5 cm, which arc not shov,m  for clarity. Solid straight lines arc linear fl[s
to the station coordinates. IIcformation  rates arc shown with their 959k confidence limits scaled by ~2v  to account for
rnis-fit bctwccm the estimated trend and (hc data,

l~igurc 4. I’hc power spectra for the three GPS components show no clistioct power rnaxirna. ‘1’hc arrow is at a period
of 14.7 days, coricspon(iing  to what should bc. a peak if magmatic  activity at ],ong Vallc.y were phase.-lockcci with the
solid-car[h tides. ‘1’hc.  typical solid-earth tide signal is re.moved during normal GPS processing,
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